A. Chit mbiotech, † ‡ and M.M. Amonkar phd § were $5,805, $67,029, and $67,472 respectively. Given a cost per qaly threshold of $100,000, the probability that lapatinib-letrozole is preferred was 21% compared with letrozole, 36% compared with anastrozole, and 68% compared with trastuzumab-anastrozole. Results from the societal perspective were similar.
INTRODUCTION
Trastuzumab is a humanized monoclonal antibody directed against the human epidermal growth factor receptor 2 (her2, encoded by the ERBB2 gene), which used in the treatment of metastatic breast cancer (mbc) that overexpresses her2. Lapatinib is an orally administered dual inhibitor of her1 (encoded by the ERBB1 gene) and her2. Clinical trials of lapatinib and trastuzumab used in combination with aromatase inhibitors in patients with her2-positive (her2+) and hormone receptor-positive (hr+) mbc have shown favourable efficacy results 1,2 . The EGF30008 trial (NCT00073528) was a phase iii, randomized, double-blind, placebo-controlled study in which 1286 postmenopausal women with hr+ mbc were randomized to first-line therapy with lapatinib-letrozole or letrozole-placebo 1 . Compared with her2+ mbc patients receiving letrozole-placebo, those receiving lapatinib-letrozole experienced a significant increase in median progression-free survival (pfs: 8.2 months vs. 3.0 months, p = 0.019) 1 . The tandem trial was a phase iii open-label multicenter study of 208 postmenopausal patients with hr+ and her2+ mbc randomized to receive firstline treatment with trastuzumab-anastrozole or anastrozole alone 2 . Median pfs (4.8 months vs. 2.4 months respectively, p = 0.0016) and median time to progression (4.8 months vs. 2.4 months respectively, p = 0.0007) were significantly greater in the combination arm than in the monotherapy arm 2 .
The baseline characteristics of patients in both trials were similar, although the median age in the EGF30008 trial was slightly greater at 59-60 years compared with 54-56 years in the tandem trial 1,2 . Although the EGF30008 trial was open to stage iiib and iiic patients, most entrants (≥94% in each arm) had mbc 1 . The median number of metastatic sites in both trials was 2, and similar numbers of patients had received prior chemotherapy or anti-estrogen therapy, or both 1,2 .
The adverse event (ae) profiles of lapatinib and trastuzumab differ. Common aes seen with lapatinib include grade 1 or 2 diarrhea, rash, and fatigue. Grade 4 aes and cardiac toxicity are rarely seen with lapatinib. Cardiotoxicity is observed with trastuzumab. The rate of trastuzumab treatment discontinuation because of cardiotoxicity is very low, but higher than that in patients not receiving trastuzumab. In the tandem and EGF30008 trials, rates of diarrhea and nausea were higher in the experimental arms than in the control arms. In the EGF30008 trial, the incidence of rash was higher with lapatinib-letrozole than with letrozole 1 . In the tandem trial, rates of dyspnea and cardiac events were higher with trastuzumab-anastrozole than with anastrozole, but no differences were observed in the rates of grade 3 and 4 cardiotoxicities between the treatment arms 2 . The overall incidence of grade 3 or 4 aes was low in both trials 1,2 .
The tandem and EGF30008 trials provided evidence for clinical benefit as described, but they did not assess the cost-effectiveness of the therapies. Cost-effectiveness information is required by decision-making authorities in Canada, the United States, the United Kingdom, and other countries in their deliberations about pricing, reimbursement, and access to novel therapies. The objective of the present study was to assess, from the Canadian health care system and societal perspectives, the cost-effectiveness of first-line treatment with lapatinib-letrozole compared with other widely used therapies for postmenopausal women with hr+ her2+ mbc. The analyses reported here were the basis of an economic evaluation included in the manufacturer's submission to the Institut national d'excellence en santé et en services sociaux, which makes recommendations for drug funding to the public drug plan of Quebec administered by the Régie de l'assurance maladie du Québec.
METHODS

Approach
A partitioned survival analysis was used to evaluate the cost-effectiveness of lapatinib-letrozole in postmenopausal women receiving first-line treatment for hr+ her2+ mbc. With this modelling approach, patients were assumed to be • alive with no progression (pfs), • alive with progression [post-progression survival (pps)], or • dead.
Patients were assumed to be progression-free at model entry and receiving treatment until detection of progression. The proportion of patients in each health state over time was estimated based on empirical or fitted survival functions for pfs and overall survival (os). Expected pfs and expected os were then calculated as the area under the pfs and the os curve respectively. Expected pps was calculated as the difference between expected os and expected pfs. Costs and quality of life were assumed to be conditioned on treatment and disease state, and were calculated by multiplying expected pfs and expected pps by corresponding cost and utility estimates. All cost estimates are in Canadian dollars. A daily cycle length was used so that no half-cycle correction was required.
The primary analysis of cost-effectiveness focused on comparisons of lapatinib-letrozole with letrozole alone, with trastuzumab-anastrozole, and with anastrozole alone. The comparisons were based on effectiveness information from a published systematic review and network meta-analysis 3 and were therefore considered to represent the strongest comparisons in terms of level of evidence.
In a secondary analysis, we compared lapatinibletrozole with trastuzumab-docetaxel and with trastuzumab-paclitaxel (Appendix a). Effectiveness information for those analyses were based on an adjusted indirect treatment comparison (conducted for the present study) that was constrained by the availability of controlled trials with which to construct a connected evidence network; hence, the strength of evidence for those comparisons is considerably less.
In a tertiary analysis, we compared lapatinibletrozole with trastuzumab-exemestane and with trastuzumab-fulvestrant (Appendix a). For those comparators, it was infeasible to construct a linked evidence network and make an indirect treatment comparison. The relative effectiveness of the comparators is therefore based on assumption, and the level of evidence for the comparison is low.
Pairwise comparisons of the cost-effectiveness of lapatinib-letrozole and each of the other comparators were made. The incremental cost-effectiveness ratio (icer) for each comparison was calculated as the ratio of the difference in expected total lifetime breast cancer costs to the difference in qalys. Incremental cost-effectiveness analyses, comparing all treatments simultaneously, were also conducted for the primary, secondary, and tertiary analyses (secondary and tertiary analyses are shown in Appendix a). In conducting the incremental cost-effectiveness analyses, comparators that were more costly and no more effective than one or more other comparators were excluded by the principle of "pure" or "strong" dominance. The remaining comparators were then ordered by effectiveness, and icers were calculated for each comparator and for the next most effective alternative. Comparators with an icer greater than that of a more effective comparator were excluded by the principle of "extended" or "weak" dominance. The remaining therapies were assumed to constitute the efficiency frontier.
The primary analyses were conducted from the Canadian health care system and societal perspectives. The former analysis considers only direct medical care costs. The latter analysis includes direct nonmedical costs and indirect costs and benefits. Secondary and tertiary analyses focused on the societal perspective only. The model estimated the expected lifetime costs of breast cancer care, life expectancy or life-years (lys), progression-free lys (pflys), post-progression lys (pplys), and qalys for each treatment strategy considered. Costs and outcomes were evaluated over a 10-year time horizon and were discounted at 5% annually. The model was developed in Microsoft Excel 2007 (Microsoft Corporation, Redmond, WA, U.S.A.). Funding for this research was provided to PAI (Policy Analysis Inc.) by GlaxoSmithKline. Authors at GlaxoSmithKline had a role in the conception and design of the study and in the collection, analysis, and interpretation of data; they also had final manuscript approval.
Model Estimation
Table i presents parameter estimates. For letrozole, the pfs and os were estimated by using accelerated failure time regression to fit Weibull survival functions to the observed failure time data from the EGF30008 trial 11 . The Weibull is a flexible survival function that allows for increasing or decreasing risk of events over time 12 and takes the general form S[t] = exp(-λt γ ) where t is days since treatment initiation. Figure 1 shows the empirical and fitted Weibull distributions. Although the Weibull curves diverged from the empirical survival distributions in some segments, the restricted means at the end of follow-up (that is, the areas under the curve) for the Weibull distributions were similar to those for the empirical distributions.
The hazard ratios for pfs and os for lapatinib-letrozole compared with letrozole alone were obtained from the EGF30008 trial 1 ; those for trastuzumabanastrozole compared with anastrozole alone were obtained from a published network meta-analysis based on a systematic review of the literature by Riemsma et al. 3 . Figure 2 presents the evidence network used in the present analysis.
Utilities and Costs
Utility values were assumed to depend on progression and aes, but to be otherwise independent of treatment. Health-related quality of life was assessed in the EGF30008 trial using the Functional Assessment of Cancer Therapy-General (fact-G: facit, Elmhurst, IL, U.S.A.) plus the breast cancer subscale (fact-B), which were administered every 12 weeks until withdrawal of the study medications 4 . A generic preference-based instrument-for example, the EQ-5D (EuroQol Group, Rotterdam, Netherlands)-was not administered. Utility scores for patients in EGF30008 were therefore derived from the fact-G using a published algorithm mapping from the fact-G to time trade-off utilities 8 . The utility value for patients in the pfs state without aes was based on the mean utility value among all her2+ patients in EGF30008 considering all follow-up assessments before progression and without grade 3 or greater aes 9 . Because fact-B assessments were not routinely completed after disease progression, post-progression utility values were not generalizable to the entire post-progression period. The mean decrement in utility associated with progression was therefore estimated using results from a vignettesbased study of predictors of utilities for various stages of mbc in a community sample of 100 people in the United Kingdom 10 . Decrements in utilities associated with alopecia, diarrhea, fatigue, and vomiting also were obtained from that study 10 . Utility values for other aes were obtained from a vignettes-based study of utilities for mbc health states in a sample of 100 people from each of the Netherlands and Sweden 18 , supplemented with estimates from a similar study for advanced metastatic non-small cell lung cancer 19 , and assumptions. The qalys lost with each ae were calculated by multiplying the decrement in utility with each ae by the estimated mean duration of the ae. The mean durations of the aes were estimated using data from EGF30008.
Unit costs of medications were based on manufacturer price lists, Quebec formulary prices (July 6, 2011), and imsBrogan (http://www.imshealth.com/ portal/site/ims/) wholesale acquisition costs 20 . For oral regimens, the drug acquisition costs were based on a mean cost per tablet; for trastuzumab, acquisition costs were estimated according to the mean cost per vial. Dosages were assumed to be the same as in EGF30008 and tandem, except for trastuzumab, which was assumed to be administered every 3 weeks, consistent with clinical practice in Canada.
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Trastuzumab administered every 3 weeks was assumed to have the same effectiveness as once-weekly trastuzumab [20] [21] [22] . Planned dosages for lapatinib-letrozole and letrozole were adjusted using relative dose intensity estimates from EGF30008. The relative dose intensity for trastuzumab was assumed to be the same as that for lapatinib. The relative dose intensities for other hormonal therapies were assumed to be the same as that for letrozole.
Administration costs for trastuzumab were based on estimates reported in a cost-utility analysis by Leung and colleagues 5 . Cardiac monitoring via The costs of grades 3 and 4 diarrhea were based on a published estimate of the cost of severe chemotherapy-induced diarrhea in patients with colorectal cancer 23 . Costs of other aes were based on treatment algorithms and published estimated unit costs of medications and medical services. Treatment algorithms were estimated based on the U.S. National Cancer Institute's Common Terminology Criteria for Adverse Events, version 3.0 24 ; on other published sources 26, 27 ; and on discussions with a practicing oncologist. For simplicity, we assumed that all aes would require 1 additional visit.
Patients with non-pruritic papular eruption rash were assumed also to require prescriptions for betamethasone 0.1% cream (60 g tube), chlorpheniramine maleate 4 mg every 4-6 hours for 30 days, and doxycycline 100 mg daily for 30 days. Patients with nausea and vomiting were assumed to receive prescriptions for oral dexamethasone 12 mg daily for 30 days and ondansetron 8 mg twice daily for 5 days, and to be hospitalized. Unit costs of drugs used in the treatment of aes were obtained from the Ontario Drug Benefit Formulary 27 or the imsBrogan database. Unit costs of visits were based on the ohip Schedule of Benefits and Fees 6 . The costs of hospitalization for nausea and vomiting were based on the average cost of hospitalization for poisoning by drugs, medicaments, and biologic substances as reported by the Canadian Institute for Health Information 28 .
Other breast cancer treatment costs (per month) and terminal care costs were obtained from a study of the lifetime costs of breast cancer in Canada 7 . Estimated probabilities, disutilities, mean durations, and costs of grade 3 or greater aes are included in Appendix a.
Travel costs per visit were estimated by multiplying the estimated average travel distance per visit by the Canadian Revenue Agency's travel reimbursement rate 29 . The average travel distance was assumed to be 26 miles roundtrip, based on the reported median distance from home to hospital where first treatment was received in the study by Lauzier et al. 30 . Information about per-trip parking costs being lacking, those costs were not included. Other nonmedical direct costs were approximated in the current study based on the 30-day out-of-pocket costs reported for all cancer patients in the study by Longo drugs, family care, travel costs, and parking or transit fares in the current study) 31 .
Patient work loss was assumed to include loss because of major absences and because of treatment and cardiac monitoring. Expected monthly losses because of major absences were estimated to total $84.81 based on data from a study of major absences in 646 women with newly diagnosed breast cancer in Quebec 32 combined with estimates of the proportion of Canadian breast cancer patients who are employed 30 and with the mean hourly wage in Quebec 33 . Data being lacking, the monthly cost of work loss was assumed to be the same during pfs and pps. To calculate the cost of work loss because of treatment and monitoring, it was assumed that visits for trastuzumab treatment and cardiac monitoring would require a half-day off work. We assumed that the costs of work loss to obtain prescriptions for oral medications would be similar across all treatments, and they therefore were not considered.
Expected total monthly costs of caregiver work loss were estimated to be $80.63 during pfs and $301.36 during pps. Caregiver work loss per month was obtained from a study of caregiver burden in 89 caregivers of women with advanced breast cancer in Ontario 34 . For employed caregivers, work loss during the patient's pfs was estimated based on reported mean caregiver work loss during palliative care, and work loss during the patient's pps was estimated based on reported mean work loss during the terminal stage. The proportion of employed caregivers was estimated to be 56%, and 55% of caregivers were assumed to be male 34 .
For each treatment, indirect benefits were calculated by multiplying the expected lys gained in a comparison with anastrozole (the treatment with the lowest expected survival in the base case) by the estimated employment rate from Lauzier et al. 30 , the estimated number of work hours in a year, and the mean hourly wage of women in Quebec 33 .
Sensitivity Analyses
Probabilistic sensitivity analyses were conducted by simultaneously sampling from estimated probability distributions of model parameters to obtain 1000 sets of model input estimates. For each simulation, we calculated incremental costs and qalys for each comparison. Confidence intervals for incremental costs and qalys were approximated based on percentiles of the simulations, and cost-effectiveness acceptability curves were calculated for lapatinib-letrozole contrasted with each comparator. Acceptability curves were also calculated for the incremental costeffectiveness analysis to identify the preferred comparator among all comparators, given each threshold value of cost-effectiveness. Deterministic sensitivity analyses were also conducted to assess the effects of changes in key model parameters on the resulting cost-effectiveness estimates.
RESULTS
Comparisons with Letrozole, Trastuzumab-Anastrozole, and Anastrozole
Lapatinib-letrozole was projected to increase all measures of effectiveness when contrasted with each of the comparators (Table ii) . The cost of medications was higher with lapatinib-letrozole than with any comparator, which is in part attributable to the longer pfs afforded by lapatinib-letrozole. Expected total costs were greater for lapatinib-letrozole than for the other comparators regardless of whether nonmedical direct and indirect costs were considered. From the health care system perspective, the costs per qaly gained with lapatinib-letrozole was $140,679 compared with letrozole, $10,266 compared with trastuzumab-anastrozole, and $107,207 compared with anastrozole. Results were similar when a societal perspective was taken. From the health care perspective, incremental cost-effectiveness analyses showed that anastrozole was the least costly option, followed by letrozole, trastuzumab-anastrozole, and lapatinib-letrozole. Trastuzumab-anastrozole is dominated by lapatinib-letrozole by extended dominance. Anastrozole, letrozole, and lapatinib-letrozole thus constitute the efficiency frontier from the health care perspective. The cost per qaly gained with anastrozole compared with letrozole was $3,471 [ Figure 3 
Given a cost-per-qaly threshold of $100,000, acceptability curves for pairwise comparisons showed an estimated 18% probability that lapatinib-letrozole is preferred over letrozole, a 29% probability that lapatinib-letrozole is preferred over anastrozole, and a 66% probability that lapatinib-letrozole is preferred over trastuzumab-anastrozole [ Figure 3 (B)]. Acceptability curves for the incremental analysis showed an estimated 68% probability that letrozole is preferred, a 15% probability that anastrozole is preferred, a 14% probability that lapatinib-letrozole is preferred, and a 4% probability that trastuzumab-anastrozole is preferred [ Figure 3 For the deterministic sensitivity analyses, the cost-effectiveness of lapatinib-letrozole compared with letrozole and lapatinib-letrozole compared with anastrozole was not below $50,000 per qaly in any scenario. However, the cost-effectiveness of lapatinib-letrozole compared with trastuzumab-anastrozole was more sensitive to model parameters and assumptions. The cost per qaly gained with lapatinib-letrozole compared with trastuzumab-anastrozole was not greater than $100,000 in any scenario examined.
When pfs and os for trastuzumab-anastrozole were assumed to be the same as for lapatinib-letrozole, total costs were estimated to be $3,209 greater for trastuzumab-anastrozole. The qalys were estimated to be 0.001 greater for trastuzumab-anastrozole, reflecting differences between lapatinib-letrozole and trastuzumab-anastrozole in the effects of aes on utilities. The cost-effectiveness of trastuzumabanastrozole compared with lapatinib-letrozole was therefore estimated to be $4,585,468 per qaly gained.
DISCUSSION
The Canadian health authorities at the federal and provincial levels have no explicit guidelines specifying a threshold value for cost per qaly gained to determine whether a therapy provides good value. Studies have been conducted to identify implicit thresholds for reimbursement in Australia and the United Kingdom 35 , but no such analysis has been conducted for Canada. Laupacis et al. 36, 37 suggested that therapies with a cost less than $20,000 per qaly gained in 1990 Canadian dollars should be considered cost-effective. In the United States, US$50,000 per qaly is frequently quoted as a defining threshold for determining whether a drug is cost-effective 38 . In the United Kingdom, the National Institute for Health and Clinical Excellence uses a threshold of £30,000 per qaly 39 . Estimates of the cost-effectiveness of lapatinib-letrozole compared with the aromatase inhibitor monotherapies reported in the present study are above those thresholds, but estimates of the cost per qaly gained with lapatinib-letrozole compared with trastuzumab-anastrozole are below them. Results of probabilistic sensitivity analysis indicate an estimated 68% probability that lapatinib-letrozole is preferred over trastuzumab-anastrozole given a cost-effectiveness threshold of $100,000 per qaly gained. However, because of structural uncertainty with many parameter estimates not reflected in the probabilistic sensitivity analysis, it is difficult to draw any firm conclusions concerning the relative figure 
(A-C) Cost-effectiveness analyses based on a health care perspective. (A) Incremental analysis of costs and quality-adjusted life years (qalys) for each comparator, with the efficiency frontier. (B) Percentage of simulations in which lapatinib-letrozole is preferred over the comparator, given the cost-per-qaly threshold. (C) Incremental analysis results showing the percentage of simulations in which a therapy is preferred among all comparators, given the cost-per-qaly threshold. (D-F) Cost-effectiveness analyses based on a societal perspective. (D) Incremental analysis of costs and qalys for each comparator, with the efficiency frontier. (E) Percentage of simulations in which lapatinib-letrozole is preferred over the comparator, given the cost-per-qaly threshold. (F) Incremental analysis results showing the percentage of simulations in which a therapy is preferred among all comparators, given the cost-per-qaly threshold. All costs shown
cost-effectiveness of lapatinib-letrozole compared with trastuzumab-anastrozole.
Like most cost-effectiveness evaluations, our analyses are based on a number of necessary simplifying assumptions, and they use data from a variety of primary and secondary data sources. As a result, certain limitations must therefore be recognized. Most importantly, studies directly comparing lapatinib-letrozole with anastrozole and with trastuzumab-anastrozole are unavailable, and estimates of the relative efficacy and safety of those regimens were based on an adjusted indirect comparison. Although this approach is preferred in instances in which direct evidence is unavailable, such indirect comparisons are associated with uncertainty, given the potential differences in patients and methods in the various studies, and our findings with respect to relative cost-effectiveness must be interpreted with caution. In particular, the beneficial effect of trastuzumab on os observed in the tandem trial was likely confounded by the post-progression cross-over of approximately 70% of patients from anastrozole to trastuzumab 41 . Published estimates of os hazard ratios for trastuzumab-anastrozole compared with anastrozole that use methods to control for cross-over were not publicly available at the time our study was conducted, and so it was not possible to adjust for the related confounding. There was almost universal post-progression cross-over from tamoxifen to letrozole in the P025 trial 14, 15 , and cross-over in that trial, which was part of the evidence network, may have biased the comparison of trastuzumab-anastrozole with letrozole in favour of trastuzumab-anastrozole.
Patients with extensive symptomatic visceral, rapidly progressing, or life-threatening disease were excluded from the EGF30008 trial, but no such exclusion occurred in tandem. To the extent that treatment effects, measured as hazard ratios, are modified by such factors, the indirect comparisons may be biased. Although no available published data document such an interaction, the possibility of confounding must be recognized. Also, in the P025 trial of letrozole compared with tamoxifen, 33% of patients had an unknown hormone status 14 . In contrast, in the target and North American trials of anastrozole compared with tamoxifen, 55% of patients had an unknown hormone status 17 . Many of the participants with unknown hormone status were likely hr-negative (patients for whom no benefit would accrue to aromatase inhibitors compared with tamoxifen). However, because the percentage of patients with an unknown hormone status was similar in each trial, that factor probably did not materially bias the comparison. Finally, the P025 trial and the trials of anastrozole compared with tamoxifen included both her2+ and her2-negative patients 15 . However, there are no data suggesting that the treatment effects of aromatase inhibitors compared with tamoxifen are modified by her2 status.
Data on the costs of breast cancer-related health care services, direct nonmedical costs, indirect costs, and utility values were not collected in the EGF30008 trial, and those data were obtained from a variety of secondary sources. Model results were generally insensitive to those estimates.
CONCLUSIONS
Results of the present analysis suggest that lapatinib-letrozole is not likely to be cost-effective compared with letrozole or anastrozole. However, lapatinib-letrozole may be cost-effective compared with trastuzumab-anastrozole.
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Because log hr AvB and log hr BvC are statistically independent, the variance of log hr AvC equals the sum of the variances of log hr AvB and log hr BvC . If not reported, the variances of the log hrs can be calculated from confidence intervals on the hrs.
Estimates of the relative effectiveness of tamoxifen and letrozole were taken from the P025 trial 1,2 . It should be noted that because approximately 100% of patients in the tamoxifen arm crossed over to letrozole after tamoxifen, the results may be biased against letrozole. That potential bias may in turn introduce a bias against letrozole (and consequently, against lapatinib-letrozole) into the comparisons of trastuzumab-paclitaxel with letrozole and trastuzumab-docetaxel with letrozole.
Estimates of the relative effectiveness of tamoxifen compared with anthracycline-based chemotherapy are taken from the Forbes and Australian and New Zealand Breast Cancer Trials Group cosa trial 3 . That trial is the only one identified by Riemsma et al. 10 that compared hormonal therapy with chemotherapy.
It concluded that, overall, efficacy was similar for hormonal and anthracycline-based chemotherapy. However, only 25% of patients were estrogen receptor-positive. For that subgroup, median overall survival (os) was 23 months for tamoxifen patients and 27 months for chemotherapy patients. Based on those data, it was assumed that tamoxifen and anthracycline-based chemotherapy are equally effective in her2+ hr+ patients (hr for both pfs and os: 1.0). Because of that assumption, the resulting estimates are associated with a very high degree of uncertainty. Also, information on the variance of the log hrs for pfs and os for tamoxifen compared with anthracycline-based chemotherapy (required to calculate the variances of the log hrs for those treatments compared with letrozole) being lacking, they were approximated by arbitrarily assuming that the standard errors for the log hrs for pfs and os for tamoxifen compared with chemotherapy would be 0.25 [approximate 95% confidence interval (ci): 0.6 to 1.65].
Estimates of the relative effectiveness of paclitaxel compared with anthracycline-based chemotherapy were based on a mixed-treatment comparison (mtc) of trials comparing paclitaxel with anthracycline-based chemotherapy 12, 13 , paclitaxel with docetaxel 14 , and docetaxel with anthracycline-based chemotherapy 15 . An mtc provides an estimate of relative treatment effect using information from both direct and indirect comparisons. The mtc of direct and indirect evidence was conducted by random effects meta-analysis. Trials comparing paclitaxel and docetaxel with anthracycline-based chemotherapy were identified from a meta-analysis of taxanes compared with anthracyclines as first-line therapy for metastatic breast cancer (mbc) reported by Piccart-Gebhart et al. 4 . Estimates of the relative effectiveness of docetaxel and anthracycline-based chemotherapy were calculated similarly, based on an mtc of a trial comparing docetaxel with anthracycline-based chemotherapy 15 , a trial comparing paclitaxel with docetaxel 14 , and trials comparing paclitaxel with anthracycline-based chemotherapy 12, 13 .
Estimates of the relative effectiveness of trastuzumab-paclitaxel compared with paclitaxel were based on results of the pivotal trial (H0648g) 7 of trastuzumab in mbc positive for the human epidermal growth factor receptor 2 (her2+). This multicentre randomized controlled clinical trial compared trastuzumab [loading dose of 4 mg/kg intravenously (IV), followed by 2 mg/kg IV once weekly] plus anthracycline or paclitaxel (175 mg/m 2 IV once every 3 weeks) with anthracycline or paclitaxel alone (175 mg/m 2 IV once every 3 weeks) in 469 patients with her2+ mbc who had not been previously treated with chemotherapy for metastatic disease. The expression levels of her2 were determined by immunohistochemical analysis (ihc), with patients having an ihc score of 2 or more (ihc 2+) being eligible for study enrolment. Compared with patients randomized to paclitaxel alone, the patients randomized to trastuzumab and paclitaxel experienced a significantly longer median time to disease progression (ttp: 6.9 months vs. 3.0 months for paclitaxel alone), longer median os (22.1 months vs. 18.4 months for paclitaxel alone). The relative risk for ttp was 0.38 (95% ci: 0.27 to 0.53), and the relative risk for os was 0.80 (95% ci: 0.56 to 1.11). Upon disease progression, 75% of patients in the paclitaxel arm and 47% of patients in the trastuzumab arm entered a nonrandomized open-label study in which trastuzumab was administered alone or in combination with other therapies.
A subgroup analysis of the H0648g trial reported by Baselga 15 showed that, compared with the combined ihc 2+ and 3+ her2 patient population, the ihc 3+ her2 patients derived a greater clinical benefit from trastuzumab plus paclitaxel (median ttp: 7.1 months vs. 3.0 months for paclitaxel alone; median os: 25 months vs. 18 months for paclitaxel alone). The study did not report the hrs for ttp and os.
Because of concerns about the reliability of ihc assays to accurately assess tumour her2 status, with the possibility of false-positive and false-negative outcomes [17] [18] [19] , a study by Mass et al. 8 used patient data from the H0648g study to analyze the influence of her2 gene amplification as determined by fluorescence in situ hybridization (fish) on ttp and os for trastuzumab plus chemotherapy compared with chemotherapy alone. The study examined the combined anthracycline and paclitaxel patient populations of H0648g and did not evaluate the clinical benefits of trastuzumab plus paclitaxel compared with paclitaxel alone 7 . Of the 469 patients in the H0648g study population, 344 were identified as fish-positive (fish+). Of those 344, 176 were enrolled in the trastuzumab plus chemotherapy arm, and 50, in the chemotherapy-alone arm. Patients with fish+ tumours experienced a significant improvement in ttp and os when receiving trastuzumab plus chemotherapy (median ttp: 7.3 months vs. 4.6 months for chemotherapy alone; ttp risk ratio: 0.45; 95% ci: 0.35 to 0.57; p < 0.0001; median os: 26.2 months vs. 20.3 months for chemotherapy alone; os risk ratio: 0.71; 95% ci: 0.55 to 0.92; p = 0.009).
Estimated hrs for ttp and os for trastuzumabpaclitaxel compared with paclitaxel in ihc 3+ or fish+ her2+ patients in the H0648g trial have not been reported. The hrs for ttp and os for trastuzumabpaclitaxel compared with paclitaxel were therefore calculated using the reported median ttp and os reported by Baselga 16 for ihc 3+ patients receiving trastuzumab-paclitaxel and paclitaxel, assuming that ttp and os follow Weibull distributions. Based on that assumption, the hrs can be calculated as the ratio of the median survival times, taken to the power of the γ parameters of the corresponding Weibull distributions. The γ parameters for ttp and os (1.22 and 1.17 respectively) were estimated by fitting Weibull models to the reported ttp and os curve for fish+ patients receiving chemotherapy as reported by Mass et al. 8 (similar curves for ihc 3+ or fish+ patients receiving trastuzumab-paclitaxel or paclitaxel weren't available). The estimated hr for ttp was used as a proxy for the hr for pfs.
Lacking estimates of the variance of the log hrs for ttp and os for trastuzumab-paclitaxel compared with paclitaxel in ihc 3+ patients, we estimated them based on the log hrs for ttp and os for trastuzumab-chemotherapy compared with chemotherapy in the fish+ patients in the H0648g trial as reported by Mass et al. 8 . The resulting values were adjusted for differences in the sample sizes between the two populations, assuming that the variances of the log hrs are approximately proportionate to the ratio of the sample sizes. It should be noted that the estimate of the hr for os for trastuzumab-paclitaxel compared with paclitaxel from the H0648g trial may be biased against trastuzumab; approximately 75% of patients in paclitaxel arm and 47% of patients in the trastuzumab-paclitaxel arm were enrolled in a study of trastuzumab given after disease progression 20 .
Estimates of the relative effectiveness of trastuzumab-docetaxel compared with docetaxel were based on a phase ii randomized controlled trial reported by Marty et al. that examined the efficacy of a combination therapy with trastuzumab (loading dose of 4 mg/kg IV, followed by 2 mg/kg IV once weekly) plus docetaxel (100 mg/m 2 IV once every 3 weeks) compared with docetaxel monotherapy in 186 patients with her2+ mbc who had not previously been treated with chemotherapy for metastatic disease and who had not received prior taxanes or antiher therapy 9 . Overall, 95% of patients had ihc 3+ or fish+ disease (or both). Median ttp was 11.7 months for trastuzumab plus docetaxel compared with 6.1 months for docetaxel alone (log-rank p = 0.0001). Median os was 31.2 months for trastuzumab plus docetaxel compared with 22.7 months for docetaxel alone (log-rank p = 0.0325). Of 94 patients enrolled in the docetaxel-alone treatment arm, 53 patients (57%) crossed over to receive trastuzumab at disease progression (30 patients), after discontinuation of docetaxel (10 patients), or for other reasons (13 patients). Among patients who were randomized to docetaxel and who crossed over to trastuzumab, median os was 16.6 months. Because the hrs for ttp and os for trastuzumab-docetaxel compared with docetaxel were not reported, we used the methods of Tierney et al. 20 to estimate them based on p values.
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